Pulmonary rehabilitation (PR) is an important component in the management of respiratory diseases. The effectiveness of PR is dependent upon adherence to exercise training recommendations. The study of exercise adherence is thus a key step towards the optimization of PR programs. To date, mostly indirect measures, such as rates of participation, completion, and attendance, have been used to determine adherence to PR. The purpose of the present protocol is to describe how continuous data tracking technology can be used to measure adherence to a prescribed aerobic training intensity on a second-by-second basis.
Introduction
Pulmonary rehabilitation (PR) combines exercise training, patient education and psychosocial support, and is widely recognized as a cornerstone in the management of pulmonary disease [1] [2] [3] [4] [5] . The goals of PR are to reduce symptoms, optimize functional status, improve health-related quality of life, and reduce health care costs 4, 5 . In a meta-analysis of 31 randomized controlled trials in chronic obstructive pulmonary disease (COPD), PR was shown to significantly improve exercise capacity, reduce dyspnea and fatigue, improve emotional function and enhance patients' sense of control over their condition 6 . Furthermore, evidence documents its effectiveness in reducing respiratory exacerbations 7 and days spent in hospital [8] [9] [10] [11] [12] [13] . Exercise training is considered the key to successful PR since it is responsible for much of the benefits associated with this intervention [3] [4] [5] . However, a major issue for several patients is adhering to the recommended amount or level of exercise. Nonadherence to recommended treatment may result in the failure of therapeutic interventions as well as inefficient use of health resources 14 .
According to the World Health Organization, the term ''adherence'' refers to the extent to which a person's behavior coincides with recommendations given by a health care professional 15 . To date, adherence to exercise training in rehabilitation settings has been largely assessed as either the rate of participation (i.e registration to the program), the rate of completion (i.e. finishing the program), or the rate of attendance (i.e. number of exercise sessions attended) [16] [17] [18] . At present, no "gold standard" exists for measuring adherence 15 and current methods do not allow for great precision. Furthermore, depending on the selected method, rates of adherence to PR have shown large variability [16] [17] [18] [19] . For example, Hogg et al. 16 measured adherence in COPD patients as the ratio between those who completed the program to those referred and found a low adherence of approximately 40%. However, other PR studies that have used attendance rates demonstrated, on average, a 90% adherence
Data Extraction
CardioMemory software does not allow for the distinction of various exercise-training phases. As such, the data obtained must be exported to a statistical software in order to eliminate the phases that are not of interest (e.g. warm-up and cool-down), merge the data files, and compare achieved against target intensity. • IF (Tempo2 > 0) Tempo=Lag (tempo) + 1.
• EXECUTE. • FILTER OFF.
• USE ALL.
• SELECT IF (tempo > 599). • RECODE TempoA2 (SYSMIS=0).
• EXECUTE. • IF (TempoA2 > 0) TempoA=Lag (tempoA) + 1.
• SELECT IF (tempoA > 299).
• EXECUTE. Figure 7 .
• STRING Session (A8).
• COMPUTE Session= '1'.
• EXECUTE.
4. Save the modified SPSS document in a new file (example: subjectID_session#). 5. Repeat the above procedure for all remaining sessions for the same subject. Figure 9 .
Data Merging -Single Participant
• STRING Subject_ID (A8).
• COMPUTE Subject_ID='AB001'.
Old Value New Value Old-->New:
Range: -5 through • RECODE Diff_HR_THR (SYSMIS=SYSMIS) (-5 thru 5=1) (Lowest thru -5=0) (5 thru Highest=0) INTO • Diff_HR_THR_Recoded.
• EXECUTE. We then obtain adherence as a percentage of time spent within the THR for each subject for each session. See Figure 13 • COMPUTE Perc_THR=Diff_HR_THR_Recoded_mean * 100.
Calculation of Percent Adherence
• EXECUTE. 
Discussion
Continuous data tracking technology enables for a very precise measurement of exercise adherence. This procedure can be easily adapted to other definitions of adherence by replacing target heart rate range with target wattage, level, speed, or MET level. In the present example, the warm-up and cool-down phases were eliminated to isolate the exercise phase because of our specific research objective. Should the warm-up and cool-down phases be of interest to other researchers, step 2.3 ("Eliminate the nontraining phases") can be eliminated from the protocol. Furthermore, the hardware and software is also available to measure adherence to other modes of training, such as the treadmill, elliptical, stepper, and arm ergometer.
When following the above protocol, certain simple steps are critical. First, the CardioMemory software must be started before the exercise equipment (e.g. cycle ergometer) for exercise data to be tracked and subsequently recorded. Should data be lost at this initial step, the data extraction protocol will need to be adjusted accordingly. Secondly, sources of interference must be minimized to reduce the risk of crosstalk and/ or lost data. The heart rate monitors communicate wirelessly with the equipment and software. Thus, interference is especially detrimental if using target heart rate to calculate adherence. Finally, it is imperative to select statistical software for the database that has the capacity to permit for large quantities of data. For example, in a study with 10 participants completing 36 sessions at 40 min each, 864,000 rows of data points will be generated. Excel 2007 and later versions have the capacity to contain 1,048,576 rows in a worksheet 23 , whereas SAS 24 and SPSS 25 have no limit for the number of rows. Depending on the total number of data points expected for a given study, the software needs to be selected accordingly.
Despite the notable advantages of this technology, two main limitations exist. The first is data loss, which can result from equipment and/or software failure. As mentioned above, data loss can be due to electrical interference with wireless devices (i.e. cell phones or Wi-Fi), and more specifically interference with the wireless data transmission of heart rate. However, at times, data loss can also be due to unidentifiable causes. A second limitation is that the software does not provide the option of marking or splitting the exercise protocol systematically in order to differentiate/identify different phases. If this option were available, the extraction of the exercise phase of interest could be performed directly in the software, which would limit steps in the adherence calculation protocol. As well, the option of placing markers would be practical for the study of adherence to interval or intermittent training protocols as it would allow for the differentiation of the different phases (e.g. low versus high intensity).
For future perspectives, the use of continuous data tracking technology to precisely quantify adherence will enable researchers to investigate patterns of exercise response to different interventions, identify determinants of adherence, and characterize good and poor adherers. Ultimately, a better understanding of exercise adherence will allow for the optimization of exercise rehabilitation programs.
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